Abstract. The present study aimed to examine microRNA (miR)-940 expression in esophageal squamous cell carcinoma (ESCC) tissues and cells, analyze its association with the clinicopathological features and prognosis of patients, and explore the potential underlying mechanisms. miR-940 expression in ESCC cell lines and a normal esophageal cell line was detected using reverse transcription-quantitative (RT-q)PCR. Furthermore, 210 resected ESCC tissue and para-carcinoma tissue specimens were collected, and miR-940 expression in those tissues was detected by RT-qPCR. In addition, the association of miR-940 with the clinicopathological features and prognosis of patients was analyzed. In an in vitro experiment, miR-940 mimics were transduced into ESCC cells by the liposome method. An MTT assay was used to detect the effect of miR-940 on the viability of ESCC cells. The influence of miR-940 on the cell cycle and apoptotic rate of ESCC cells was detected by flow cytometry. The present results indicated that the expression levels of miR-940 in human ESCC tissues and cell lines were markedly downregulated, and that low expression of miR-940 in ESCC tissues was significantly associated with a poor degree of differentiation, positive lymph node metastasis and advanced clinical stage. Kaplan-Meier survival analysis suggested that low miR-940 expression was associated with poor prognosis. Cox regression analysis revealed that lymph node metastasis, clinical stage and miR-940 expression were independent risk factors affecting the prognosis of patients. Overexpression of miR-940 in ESCC cells markedly reduced the cell viability, blocked the cell cycle at G0/G1 phase and promoted cell apoptosis. These results suggest that miR-940 is downregulated in ESCC, which is linked to the occurrence and progression of ESCC. Conversely, overexpression of miR-940 reduced the cell viability and promoted apoptosis of ESCC cells. Therefore, miR-940 may be a promising novel prognostic marker and anti-cancer target in ESCC.
Introduction
Esophageal carcinoma is one of the most common tumor types with a high grade of malignancy. Esophageal adenocarcinoma is common in European and American countries, while esophageal squamous cell carcinoma (ESCC) frequently occurs in Asian countries, including China (1). Esophageal carcinoma is mostly diagnosed at the advanced stage. In spite of the continuous improvement of treatments, including surgery and radiochemotherapy, the 5-year survival rate of esophageal carcinoma patients remains dismal due to delayed diagnosis and high recurrence rate (2, 3) . Furthermore, the etiology and pathogenesis of esophageal carcinoma have remained to be fully elucidated, and effective molecular markers and targets for targeted therapy are currently lacking. Therefore, illustration of the molecular mechanisms of the genesis and metastasis of esophageal carcinoma, discovery of genes for specific and effective molecular targeted therapy and development of effective methods for early diagnosis, precise evaluation and prognostication are of great significance.
microRNAs (miRNAs/miRs) are a class of endogenous and highly conserved single-stranded non-coding small RNAs of 19-22 nucleotides in length. They are able to inhibit target gene expression at the post-transcriptional level through specifically binding with the 3'-untranslated region (3'-UTR) of their target mRNAs, thus exerting biological functions (4, 5) . Studies have verified that miRNAs have important regulatory roles in cell proliferation, apoptosis, development and apoptosis, processes that are also closely associated with tumor pathogenesis, development and prognosis (6, 7) . miR-940 is an important member of the miRNA family, which has been reported to be abnormally expressed in tumorous tissues and to have an important regulatory role (8, 9) . However, to the best of our knowledge, miR-940 expression in ESCC has not been previously reported, and its association with prognosis remains elusive. In the present study, miR-940 expression was assessed in ESCC cell lines with various degrees of differentiation, as well as in a normal esophageal cell line, and in ESCC tissues and para-carcinoma tissues by using reverse transcription-quantitative (RT-q)PCR. The association of miR-940 expression with the clinicopathological features and prognosis in ESCC patients was analyzed. The possible mechanistic roles of miR-940 in the occurrence and development of ESCC were also investigated.
miR-940 inhibits cell proliferation and promotes apoptosis in

Materials and methods
Tissue specimens and clinical data. A total of 210 fresh surgically resected ESCC tissues and matched para-carcinoma tissues (at least 5 cm away from the tumor margin; 150 males and 60 females; aged 52-79 years old) were collected at Weihai Central Hospital (Weihai, China) between January 2011 and January 2012. Following excision, the tissue specimens were washed in saline within 30 min, placed in liquid nitrogen and preserved in a refrigerator at -80˚C. None of the patients had received any anti-tumor therapies, including radiotherapy, chemotherapy or biological immunotherapy; furthermore, they were not complicated by any primary tumors in other organs. All specimens were confirmed as squamous cell carcinoma by pathologists after surgery. A total of 52 cases received adjuvant radiotherapy and chemotherapy after the operation. The clinical features of the patients are presented in Table I . Their clinicopathological stage and criteria of tumor differentiation were evaluated according to the TNM classification system of the American Joint Committee on Cancer-International Union Against Cancer staging manual (10) . The criteria for determining the differentiation of tumors are as follows: i) Well-dif ferentiated-prominent keratinization with pearl formation and a minor component of non-keratinizing basal-like cells, tumor cells arranged in sheets and low mitotic counts; ii) moderately differentiated-variable histologic features ranging from parakeratotic to poorly keratinizing lesions and pearl formation generally absent; iii) poorly differentiated-predominantly consisting of basal-like cells forming large and small nests with frequent central necrosis and with the nests consisting of sheets or pavement-like arrangements of tumor cells that are occasionally punctuated by small numbers of parakeratotic or keratinizing cells. Overall survival (OS) time was defined as the date of surgery to the date of death or completion of follow-up. Completion of follow-up, loss to follow-up and death of other causes were treated as the endpoint data. All patients had provided written informed consent to participate in the study. The present study was approved by the Medical Ethics Committee of Weihai Central Hospital (Weihai, China).
Cell culture and cell transfection. The human ESCC cell lines KYSE410 (poorly differentiated invasive ESCC, TE-13 (poorly differentiated), ECA-109 (moderately differentiated) and KYSE-510 (highly differentiated), as well as the normal human esophageal cell line Het-1A, were purchased from the Shanghai Cell Institute of the Chinese Academy of Sciences. In addition, the TE-13 cell line used in the present study was authenticated by STR profiling. All cells were placed in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) and cultured in an incubator containing 5% CO 2 at 37˚C. KYSE410 and TE-13 cells in the logarithmic growth phase were harvested and transfected with either miR-940 mimics (cat. no. B02002; Shanghai GenePharma Co., Ltd.) and miR-negative control (NC) (cat. no. B1012; Shanghai GenePharma Co., Ltd.), in strict accordance with the manufacturer's protocol for the Lipofectamine™ 2000 kit (Invitrogen; Thermo Fisher Scientific, Inc.). At 24 h following transfection, miR-940 expression in cells was detected through RT-qPCR, so as to determine the efficiency of overexpression.
Total RNA extraction and RT-qPCR. Total RNA was extracted using a TRIzol kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol and the purity of the extracted RNA was detected with an ultraviolet spectrophotometer. RNA with a 260/280 nm absorbance value ratio of 1.7-2.0 served as the qualification standard for subsequent experiments. Reverse transcription was performed immediately; alternatively, the RNA was stored in a refrigerator at -80˚C. Reverse transcription of total RNA to complementary DNA was performed using a Moloney murine leukemia virus RT kit (Promega Corp.) according to the manufacturer's protocol. Specific primers for miR-940 and internal reference U6 were designed and synthesized by RiboBio. The primer sequences used were as follows: miR-940 forward, 5'-GTA TAA AGG GCC CCC GCT-3' and reverse, 5'-AGG GTC CGA GGT ATT CGC ACT-3'; U6 forward, 5'-CAT CAC CAT CAG GAG AGT CG-3' and reverse, 5'-TGA CGC TTG CCC ACA GCC TT-3'. qPCR was performed using the SYBR Green Realtime PCR Master Mix (Fermentas) and specific primers, with the complementary DNA used as the template. The LightCycle 96 fluorescent quantitative PCR machine (Roche) was used for the reaction and detection. The reaction conditions were as follows: 2 min at 94˚C, 20 sec at 94˚C and 30 sec at 60˚C for 40 cycles. The relative expression of miR-940 was calculated according to the 2 -∆∆Cq method (11), with U6 used as the internal reference. All assays were performed in triplicate.
Cell viability detected by MTT assay. Cells transfected for 24 h were added to the 96-well cell culture plate (5,000 cells/well), and 20 µl MTT (Sigma-Aldrich; Merck KGaA) was added to each well at 24, 48, 72 and 96 h, followed by incubation for another 4 h at 37˚C. The supernatant was carefully aspirated, and subsequently, 150 µl DMSO was added to each well, followed by agitation for 15 min to fully dissolve the crystals that had formed. The OD value was determined using a microplate reader (Bio-Tech Instruments) at a wavelength of 450 nm. Three duplicate wells were set for each group.
Cell cycle analysis by flow cytometry. Cells transfected for 48 h were collected through digestion with 0.25% trypsin solution (EDTA-free) and washed with PBS for three times. The supernatant was discarded after centrifugation, and cells were re-suspended with 70% ethanol, in which they were fixed at 4˚C for 18 h. The cells were then collected through centrifugation (1,000 x g; 5 min; 4˚C) and washed with PBS twice, and the supernatant was discarded following centrifugation. Cells were then re-suspended with 400 µl RNAse A (BD Biosciences)-containing propidium iodide (PI) staining solution, incubated in the dark at 4˚C for 1 h and the cell cycle was detected using a flow cytometer.
Cell apoptosis detected by Annexin V-FITC/PI double-staining.
After digestion with 0.25% trypsin solution (EDTA-free), cells transfected for 48 h were collected using centrifugation (111.8 x g; 5 min; 4˚C). Binding buffer (500 µl) was added to re-suspend the cells in accordance with the protocol of the Annexin V-FITC/PI double-staining cell apoptosis detection kit (Beyotime Institute of Biotechnology). Subsequently, 5 µl Annexin V-FITC was added and the suspension was mixed sufficiently, followed by addition of 5 µl PI, sufficient mixing and incubation in the dark at room temperature for 5-15 min. Finally, cell apoptosis was detected with a flow cytometer. The Annexin V-FITC + /PI -cells were considered apoptotic and counted.
Statistical analysis. Data were analyzed using SPSS 20.0 statistical software (IBM Corp.). Measurement data were expressed as the mean ± standard deviation and were compared using Student's t-test or one-way analysis of variance. A Student-Newman-Keuls test was used as a post-hoc test following ANOVA. The associations between miR-940 expression and various clinicopathological characteristics were assessed using a chi-square test. OS was assessed using the Kaplan-Meier method and groups were compared using the log-rank test. Univariate and multivariate analysis regarding OS was performed using the Cox proportional hazards regression model. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-940 expression in ESCC tissues and cell lines. miR-940
expression in 210 pairs of ESCC tissues and matched para-carcinoma tissues was detected using RT-qPCR. As presented in Fig. 1A , compared with that in para-carcinoma tissues, miR-940 expression in ESCC tissues was markedly downregulated (P<0.001). Furthermore, miR-940 expression was analyzed in the human ESCC cell lines KYSE410, TE-13, ECA-109 and KYSE-510, as well as in the normal human esophageal cell line Het-1A. As presented in Fig. 1B , miR-940 expression in the human ESCC cell lines KYSE410, TE-13, ECA-109 and KYSE-510 was distinctly downregulated relative to that in the normal human esophageal cell line Het-1A (P<0.001), which was particularly obvious in the poorly-differentiated KYSE410 and TE-13 cell lines.
Association of miR-940 with clinicopathological parameters and prognosis in ESCC patients.
To confirm the role of miR-940 expression in the development of ESCC, the associations of miR-940 with the clinicopathological parameters and prognosis of ESCC patients were then assessed. The ESCC Values are expressed as n (%). miR, microRNA.
patients were divided into 2 subgroups according to their miR-940 expression status. The high miR-940 expression group included patients whose miR-940 level was higher than the average for all patients, while the low miR-940 expression group included patients whose miR-940 level was lower than the average for all patients. As indicated in Table I , low miR-940 expression was closely associated with poor tumor differentiation, positive lymph node metastasis and advanced clinical stage (P<0.05). Kaplan-Meier survival analysis suggested that the low miR-940 expression group had poor prognosis (P<0.01; Fig. 2 ). Univariate Cox regression analysis was performed for all clinicopathological parameters (Table II) . The tumor differentiation degree, lymph node metastasis, TNM stage and miR-940 expression were determined as risk factors affecting patient prognosis. Furthermore, risk factors with statistical significance were incorporated into the multivariate Cox regression model analysis. The results suggested that lymph node metastasis, TNM stage and miR-940 expression were independent risk factors affecting patient prognosis (P<0.05). Fig. 3 , RT-qPCR analysis confirmed that at 24 h after transfection, the miR-940 expression levels in KYSE410 and TE-13 cells in the miR-940 mimics group were markedly elevated (P<0.001), suggesting successful miR-940 mimics transfection and high efficiency of overexpression. The results of the MTT assay are presented in 
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Effect of miR-940 overexpression on cell viability, cell cycle and apoptotic rate of ESCC cells. As presented in
Discussion
In spite of the progress made in the surgical and pharmacological therapy of esophageal carcinoma in recent years, the prognosis for esophageal carcinoma remains poor (12) . Local recurrence and metastasis of esophageal carcinoma are major bottlenecks restricting the efficacy of esophageal carcinoma therapy and affecting the improvement of survival of esophageal carcinoma patients. To date, the mechanisms of the genesis and development of esophageal carcinoma have remained to be fully elucidated and no effective targeted therapeutics are available at present. Therefore, it is urgently required to illustrate the precise mechanisms of the genesis, development and metastasis of esophageal carcinoma at the molecular level and search for effective gene targets for targeted therapy of esophageal carcinoma. Aberrant expression of various miRNAs has been detected in multiple cancer types, which have crucial effects on tumor cell proliferation, apoptosis, invasion and migration. Therefore, differentially expressed miRNAs have become a hotspot in current research on tumors and gene therapy (13) . Furthermore, numerous miRNAs have been verified to be involved in the genesis, development, invasion and metastasis of esophageal carcinoma (14, 15) . miR-940 is one of the most important members of the miRNA family discovered recently. It has been indicated that miR-940 has an important role in various diseases. Liang et al (16) reported that downregulation of miR-940 had a key role in the development of tetralogy of Fallot in humans. Xu et al (17) indicated that serum miR-940 levels were significantly increased after exhaustive exercise in patients with congestive heart failure, which may be used as a marker for adaptive exercise in such patients. The expression pattern of miR-940 in malignant tumors is different from that in the above scenario. It has been reported that miR-940 expression is reduced in various types of malignant tumor, including ovarian cancer (9), prostate cancer (18), nasopharyngeal carcinoma (19) and hepatocellular carcinoma (20) . Furthermore, overexpression of miR-940 may inhibit the proliferation, invasion and migration of tumor cells, suggesting that the role of miR-940 is that of a tumor suppressor gene in some malignant tumors (9, (18) (19) (20) . Conversely, it has been indicated that the expression of miR-940 is increased in gastric cancer (21), bladder cancer (22) and pancreatic cancer (23) , where it has the role of an oncogene. However, to date, miR-940 expression in ESCC has not been previously reported, to the best of our knowledge. The present study first reported on the abnormal expression of miR-940 in ESCC. The expression levels of miR-940 in 210 ESCC tissues and matched para-carcinoma tissues, as well as in the human ESCC cell lines KYSE410, TE-13, ECA-109 and KYSE-510, and in the normal human esophageal cell line Het-1A, were detected using RT-qPCR. The present results suggested that miR-940 expression in ESCC tissues and cells was decreased. Further statistical analysis indicated that low miR-940 expression was closely associated with poor tumor differentiation, positive lymph node metastasis and advanced clinical stage, suggesting that reduced miR-940 expression was closely linked to the development and metastasis of ESCC.
Studies on the association between miR-940 and prognosis for patients with malignant tumors are currently sparse. It has been reported that low miR-940 expression in hepatocellular carcinoma is associated with poor prognosis for patients (24) . However, it has also been indicated that high expression of miR-940 is associated with poor prognosis in patients with gastric cancer (21) . In the present study, post-operative follow-up was performed, the results of which indicated that patients in the low miR-940 expression group had a shorter OS and that low miR-940 levels are therefore associated with poor prognosis. Further multivariate analysis using the Cox regression model suggested that lymph node metastasis, clinical stage and miR-940 expression were independent risk factors affecting patient prognosis.
Excessive cell proliferation and blocked cell apoptosis are the basic biological characteristics of malignant tumor cells. To study the underlying mechanisms of action of miR-940 in ESCC, miR-940 mimics were transfected into ESCC cells to perform a gain-of-function experiment. The MTT assay suggested that miR-940 mimics suppressed the viability of ESCC cells. Cell cycle progression is a key factor regulating cell proliferation. The flow cytometric cell cycle analysis performed in the present study indicated that miR-940 mimics made the cells stay at G0 phase or blocked the cell cycle progression from G1-to S-phase. In addition, the proportion of cells in G0/G1 phase was markedly increased, suggesting that miR-940 suppresses the viability of ESCC cells partially through blocking the cell cycle. Finally, cell apoptosis was also detected through Annexin V-FITC/PI double-staining, and the results suggested that miR-940 mimics increased apoptosis of ESCC cells. Each miRNA has several regulatory target genes, and the final effects of a miRNA are the consequences of the comprehensive action of the complex downstream network of multiple genes. The precise targeted regulatory mechanisms by which miR-940 affects the biological characteristics of ESCC cells remain to be fully elucidated, which should be predicted by bioinformatics methods and assessed/verified through further cytological experiments.
In conclusion, the present study indicated that miR-940 expression is decreased in ESCC, and low miR-940 expression is significantly associated with poor tumor differentiation, advanced clinical stage, lymph node metastasis and poor prognosis. miR-940 is also an independent risk factor affecting patient prognosis. Overexpression of miR-940 in ESCC cells markedly reduced the cell viability, blocked the cell cycle at G0/G1-phase and promoted cell apoptosis. Therefore, miR-940 is a promising novel anti-cancer target and prognostic biomarker in ESCC.
